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General instruments. High performance liquid chromatography (HPLC) was conducted on an LC-908 machine (Japan Analytical Industry Co., Ltd.). Laser desorption ionization time-of-flight (LDI-TOF) mass spectrometry was measured on a Microflex spectrometer (Bruker Daltonics Inc., Germany). Vis-NIR spectra were obtained with a PE Lambda 750S spectrophotometer (PerkinElmer, America) in carbon disulfide.
Computational details.
With increased fullerene size, the number of cage isomers grows dramatically. To quickly find the parent cage of an EMF molecule, a well-accepted and efficient strategy is to screen the low-energy empty cages with appropriate negative charges. Since the internal Y 2 and Y 2 C 2 may formally donate four or six electrons to the fullerene cage, the reported low-lying tetra-anions and hexa-anions of the corresponding fullerene isomers were selected to form Y 2 @C 2n or Y 2 C 2 @C 2n-2 . S1-S6 Therefore, 7, 8, 6, 8 and 8 isomers were considered for Y 2 C 82 , Y 2 C 88 , Y 2 C 90 , Y 2 C 92 , and Y 2 C 94 , respectively. For each isomer, various positions and orientations for the internal species were fully considered during the structural optimization, and only the lowest-energy conformation was reported. Figure S1 . Isolation scheme of Y 2 @C s (6)-C 82 , Y 2 @C 3v (8)-C 82 , Y 2 C 2 @C s (15)-C 86 , Y 2 C 2 @C 1 (26)-C 88 , Y 2 C 2 @C 2 (41)-C 90 , and Y 2 C 2 @C 2 (61)-C 92 .
S4
Y 2 C 2n (2n = 82, 88-94) isomers were synthesized by a direct-current arc discharge method and were obtained through a combinational process involving Lewis-acid treatment and high performance liquid chromatography (HPLC) separations. Figure S1 overviews the experimental procedures for the separation and purification of Y 2 C 2n (2n = 82, 88-94) isomers.
The crude extraction was injected into a 5PYE column with toluene as eluent and odichlorobenzene (o-DCB) was injected to wash out the higher fullerenes after 55 min, and five fractions (F-1, F-2, F-3, F-4 and F-o) were obtained ( Figure S2a ). Fraction F-1 was then separated on a Buckyprep column and fraction F-1-1 corresponding to Y 2 @C s (6)-C 82 obtained ( Figure S2b ).
The other four fractions (F-2, F-3, F-4 and F-o) were treated with SnCl 4 which leaded to the rapid enrichment of SnCl 4 -EMF complexes as precipitates, which easily decompose to provide pure Y 2 C 2n -type EMF powders by a simple water treatment. Subsequently, the powders were dissolved in a CS 2 solution. These solutions were dried by a rotary evaporator, and the respective solid residue was dissolved in toluene and filtered to get the clear solution containing the corresponding EMFs (named as, F-2p, F-3p, F-4p and F-op, respectively). The mass spectra of F-2p, F-3p, F-4p and F-op show that empty fullerenes have been completely removed by the treatment with SnCl 4 ( Figure S3 ). Further details for the separation of Y 2 @C 3v (8)-C 82 , Y 2 C 2 @C s (15)-C 86 , Y 2 C 2 @C 1 (26)-C 88 , Y 2 C 2 @C 2 (41)-C 90 , and Y 2 C 2 @C 2 (61)-C 92 are given below.
Then, F-2p was injected into a 5PYE column with toluene as eluent and fraction F-2p-1 corresponding to pure Y 2 @C 3v (8)-C 82 was collected ( Figure S4a ). F-3p was separated through a two-step HPLC separation with chlorobenzene as eluent. The first step was performed on a Buckyprep-M column and fraction F-3p-1 was then injected into a 5PBB column with chlorobenzene as eluent, and fraction F-3p-1-1 (Y 2 C 2 @C s (15)-C 86 ) was finally collected (Figures S4b and S4c) . The separation of F-4p was conducted through recycling HPLC with a 5PBB column, and three fractions F-4p-1 (Y 2 C 2 @C 2 (43)-C 90 ) and F-4p-2 (Y 2 C 2 @C 1 (26)-C 88 ) were obtained ( Figure S4d ). Fraction F-op was separated through a four-step HPLC separation with chlorobenzene as eluent. In detail, the first-step separation was performed on a Buckyprep column ( Figure S5a ) and then fraction F-op-1 was separated with a 5PBB column to get fraction F-op-1-1 ( Figure S5b ). At the third step, fraction F-op-1-1 was injected into a Buckyprep-M Column and F-op-1-1-1 was collected ( Figure S5c ). Finally, fraction F-op-1-1-1 was injected into a 5PYE column, and fraction F-op-1-1-1-1 (Y 2 C 2 @C 2 (61)-C 92 ) was obtained ( Figure S5d . Mass spectra of Y 2 @C s (6)-C 82 , Y 2 @C 3v (8)-C 82 , Y 2 C 2 @C s (15)-C 86 , Y 2 C 2 @C 1 (26)-C 88 , Y 2 C 2 @C 2 (41)-C 90 , and Y 2 C 2 @C 2 (61)-C 92 . Table S1 . Crystallographic data of Y 2 C 2n (2n = 82, 88-94) isomers. The atom with a suffix 'A' is generated by crystallographic operation. Table S3 . Ni-cage distance, major Y-Y distance, the shortest Y-cage distance, internal Y-C distance range, internal C-C distance and major Y-C 2 -Y angel in Y 2 @C s (6)-C 82 , Y 2 @C 3v (8)-C 82 , Y 2 C 2 @C s (15)-C 86 , Y 2 C 2 @C 1 (26)-C 88 , Y 2 C 2 @C 2 (41)-C 90 , and Y 2 C 2 @C 2 (61)-C 92 . S10 Figure S8 . Location of the major Y 2 /Y 2 C 2 site relative to a cage orientation in (a) Y 2 @C s (6)-C 82 , (b) Y 2 @C 3v (8)-C 82 , (c) Y 2 C 2 @C s (15)-C 86 , (d) Y 2 C 2 @C 1 (26)-C 88 , (e) Y 2 C 2 @C 2 (41)-C 90 , and (f)Y 2 C 2 @C 2 (61)-C 92 . S11 Figure S10 . Optimized structures of (a) Y 2 @C s (6)-C 82 , (b) Y 2 @C 3v (8)-C 82 , (c) Y 2 C 2 @C s (15)-C 86 , (d) Y 2 C 2 @C 1 (26)-C 88 , (e) Y 2 C 2 @C 2 (41)-C 90 , and (f)Y 2 C 2 @C 2 (61)-C 92 . Figure S11 . Molecular orbitals of Y 2 , C 82 and Y 2 @C 82 (M06-2X/6-31G*~SDD level). Occupied and unoccupied orbitals are in black and blue, respectively. 
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Figure S4. Isolation of F-2p-1 (Y 2 @C 3v (8)-C 82 ), F-3p-1-1 (Y 2 C 2 @C s (15)-C 86 ), F-4p-1 (Y 2 C 2 @C 1 (26)-C 88 ), and F- 4p-2 (Y 2 C 2 @C 2 (41)-C
